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SPECIFICATION 

[TITLE OF THE INVENTION] Optical Scanning Device 

[ABSTRACT] 

[Theme] To provide a compact and yet low-cost optical scanning 
device, with which the bow of the scanning line is restricted. 
[Solution Means] An optical scanning device 20 is equipped 
with a semiconductor laser array 25, which emits four laser 
beams that are modulated based on Y, M, C, and BK image data, 
a separating polygon mirror 32, which is curved in the direction 
of correcting the distortion of a common optical system, 
comprised of a collimator lens 26, a cylindrical lens 27, a 
reflecting mirror 28, a polygon. mirror 29, an f6 lens 30, and 
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a ref lecting mirror 31, final mirrors 33a to 33d, and cylindrical 
lenses 34a to 34d. 
[WHAT IS CLAIMED IS:] 

[Claim 1] An optical scanning device, which scans a plurality 
of scanned obj ects respectively by means of a plurality of light 
beams, said optical scanning device comprising 
a light . source, which emits said plurality of light beams, 
a common optical system, which contains a deflecting optical 
element that deflects in common the plurality of light beams 
that have been emitted from said light source and guides said 
plurality of light beams in a mutually parallel manner, and 
a separating optical system, which guides the plurality of light 
beams respectively to the plurality of scanned objects and 
contains a separating optical element, which separates the 
plurality of light beams that have been guided by said common 
optical system into mutually different directions, is provided 
in common for said plurality of light beams, and is curved in 
the direction of correction of distortion due to said common 
optical system. 

[Claim 2] An optical scanning device as set forth in Claim 
1, wherein said separating optical element is curvedby receiving 
a force from a supporting member that supports said separating 
optical element. 
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[Claim 3] An optical scanning device as set forth in Claim 

1, wherein said separating optical element has a shape that 

is curved with no relation to the force from a supporting member 

that supports said separating optical element. 

[Claim 4] An optical scanning device, which scans a plurality 

of scanned ob j ects respectively by means of a plurality of light 

beams, said optical scanning device comprising 

a light source, which emits said plurality of light beams, 

a common optical system, which contains a deflecting optical 

element that deflects in common the plurality of light beams 

that have been emitted from said light source and guides said 

plurality of light beams in a mutually parallel manner, 

a separating optical element, which separates the plurality 

of light beams that have been guided by said common optical 

system into mutually different directions and is' provided in 

common for said' plurality of light beams, and 

a plurality of individual optical elements, which are provided 

to correspond respectively to said plurality of light beams 

that have been separated by said separating optical element, 

guide the plurality of light beams respectively to the plurality 

of scanned ob j ects , and are curved in the direction of correction 

of distortion due to said common optical system. 

[Claim 5] An optical scanning device as set forth in Claim 



-3- 




4, wherein said individual optical elements are curved by 
receiving a force from supporting members that support said 
individual optical elements. 

[Claim 6] An optical scanning device as set forth in Claim 
4, wherein said individual optical elements have shapes that 
are curved with no relation to the force from supporting members 
that support said individual optical elements. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Art] This invention concerns an optical scanning 
device, which scans a plurality of scanned objects respectively 
by means of a plurality of light beams and is used for example 
in an electrophotographic type color image forming device, etc. 
[0002] 

[Prior Arts] So-called tandem type color image forming devices, 
which scan light beams, each of which corresponds to image 
information of different colors, along a plurality of 
photoconductor members aligned in the direction of movement 
of a recording paper, intermediate transfer belt, or other 
transfer medium to form electrostatic latent images, which 
correspond respectively to the colors, develop these 
electrostatic latent images by means of developers, 
corresponding respectively to the colors, to form visible images, 
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and successively transfer these visible images onto the moving 
transfer medium to form color images, have been widely known 
priorly among electrophotographic type color copiers, color 
printers, and other color image forming devices. 

[0003] Fig. 9 is a schematic view, which shows the general 
arrangement of a prior-art tandem type color image forming device . 
As shown in Fig . 9, this color image forming device 100 is equipped 
with photoconductor drums 101a to lOld, which are aligned in 
the direction in which recording paper 106 is conveyed and 
respectively correspond to the four colors of Y (yellow) , M 

(magenta), C (cyan), and BK (black), and chargers 102a to 102d, 
optical scanning devices 103a to 103d, cylindrical mirrors 104a 
to 104d, and developers 105a to 105d, which respectively 
correspond to photoconductor drums 101a to lOld. Color image 
forming device 100 is also equipped with conveyor belt 107, 
cleaners 108a to 108d, and fixing roller 109. 

[0004] The primary chargers 102a to 102d respectively perform 
uniform primary charging of the corresponding photoconductor 
drums 101a to lOld. Optical scanning devices 103a to 103d emit 
laser beams that have been modulated based on Y (yellow) , M 

(magenta) , C (cyan) , and BK (black) image data obtained by 
performing predetermined processes on R (red), G (green), and 
B (blue) color data. Cylindrical mirrors 104a to 104d guide 
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the laser beams emitted from optical scanning devices 103a to 
103d to photoconductor drums 101a to lOld. Electrostatic latent 
images are formed on the surfaces of photoconductor drums 101a 
to lOld, which have been illuminated by the laser beams. 
Developers 105a to 105d uses the Y, M, C, and BK toners 
respectively to develop the electrostatic latent images that 
have been formed on photoconductor drums 101a to lOld to form 
toner images of the respective colors on photoconductor drums 
101a to lOld. The toner images of the respective colors that 
have been formed on photoconductor drums 101a to lOld are moved 
to the respective transfer positions in accompaniment with the 
rotation of photoconductor drums 101a to lOld. Conveyor belt 
7 conveys recording paper 6 to the respective transfer positions 
of photoconductor drums 101a to lOld successively synchronic 
with the movement of the toner images of the respective colors 
to the transfer positions, and the toner images of the respective 
colors that have been formed on photoconductor drums 101a to 
lOld are successively transferred onto recording paper 106. 
When the transfer has been completed, recording paper 106 is 
conveyed to fixing roller 109 to fix the transferred image. 
Cleaners 108a to 108dremove the residual toner on photoconductor 
drums 101a to lOld after the transfer process. 
[0005] Fig. 10 is a block diagram of the optical scanning device 
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used in the color image forming device of Fig . 9 . The arrangement 
of optical scanning device 103a, among the optical .scanning 
devices 103a to 103d shown in Fig. 9, is shown in Fig. 10. 
Descriptions of optical scanning devices 103b to 103d shall 
be omitted as these have the same arrangement as optical scanning 
device 103a. Optical scanning device 103a is equipped with a 
laser diode 111, which emits a laser beam that is modulated 
by control by an emission duration control circuit 110 based 
on the image data, , a collimator lens 112, which converges the 
laser beam emitted from laser diode 111, a cylindrical lens 
113, which converges the laser beam that has been converged 
by collimator lens 112 and has diverged from the focal point 
onwards, a polygon mirror 114, which reflects and deflects the 
laser beam that has passed through cylindrical lens 113, and 
an f 6 lens 115, which converges the laser beam, which has been 
reflected and deflected by polygon mirror 14, in the main 
scanning direction and causes the laser beam to scan along the 
exposure line of photoconductor drum 101a at a uniform speed 
in the direction of arrow A. An illumination position detection 
sensor 116 is provided at the end of the extension of the exposure 
line of photoconductor drum 101a, and the timing of the writing 
of the image onto photoconductor drum 101a is controlled based 
on the output of this illumination position detection sensor 
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116. 

[0006] By means of optical scanning devices 103a to 103d with 
arrangements such as those described above, laser beams, which 
have been modulated based on Y, M, C, and BK image data, are 
scanned across photoconductor drums 101a to lOld of the color 
image forming device 100 of Fig. 9, and the rotating 
photoconductor drums 101a to lOld, which had been priorly 
subjected to primary charging by chargers 102a to 102d, are 
exposed so that electrostatic latent images are formed on the 
surfaces of photoconductor drums 101a to lOld. 
[0007] Such a general, tandem-type color image forming device 
has the problem that the image forming device becomes large 
and high in cost since exposure by the laser beams is carried 
out by a plurality of optical scanning devices that respectively 
correspond to a plurality of photoconductor drums . Thus recently, 
optical scanning devices have been proposed with which compact 
size and lower cost are achieved by common use of optical parts 
related to the plurality of laser beams that expose the plurality 
of photoconductor drums. 

[0008] Fig. 11 is ablock diagramof aprior-art optical scanning 
device, with which optical parts are put to use in common. As 
shown in Fig. 11, this optical scanning device 120 is equipped 
with a semiconductor laser array 125, which emits four laser 



-8- 




beams, which have been modulated based on Y, M, C, and BK image 
data respectively, a collimator lens 126, which converts the 
four laser beams emitted from semiconductor laser array 125 
into parallel beams, a cylindrical lens 127, which converges 
each of the four laser beams, which has passed through collimator 
lens 126, in the subscanning direction, a reflecting mirror 
128, which reflects the four laser beams, which have passed 
through cylindrical lens 127 , towards a predetermined direction, 
a polygon mirror 129, which reflects and deflects in common 
the four laser beams that have been reflected by reflecting 
mirror 128, an f 6 lens 130, which causes the four laser beams, 
which have been reflected and deflected by polygon mirror 129, 
to be converged in the main scanning direction and subscanning 
direction and respectively scan along the exposure lines of 
photoconductor drums 101a to lOld at a uniform speed, a 
reflecting mirror 131, which reflects the four laser beams, 
which have passed through f 9 lens 130, towards a predetermined 
direction, a separating polygon mirror 132, which is comprised 
of a combination of four mirrors, having four incident surfaces 
of different angles for the four laser beams reflected by 
reflecting mirror 131 and separates the four laser beams into 
directions corresponding to the alignment positions of 
photoconductor drums 101a to lOld, final mirrors 133a to 133d, 
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which guide the four laser beams, separated by separatingpolygon 
mirror 132, to the corresponding photoconductor drums 101a to 
lOld, and cylindrical lenses 134a to 134d, which respectively 
converge the laser beams, reflected by final mirrors 133a to 
133d, in the subscanning direction. 

[0009] With optical scanning device 120 of the above-described 
arrangement, when the four laser beams, that had been modulated 
basedonY,M, C, and BK image data, are emitted from semiconductor 
laser array 125, the four laser beams are reflected and deflected 
in common by polygon mirror 129, made incident on separating 
polygon mirror 132 via f6 lens 130 and reflecting mirror 131, 
and separated by separating polygon mirror 132 into directions 
corresponding to the alignment positions of photoconductor 
drums 101a to lOld. The four separated laser beams are reflected 
respectively by final mirrors 133a to 133d, which guide the 
laser beams respectively to the corresponding photoconductor 
drums 101a to lOld, and expose the rotating photoconductor drums 
la to Id, which have been priorly subject to primary charging, 
to form electrostatic latent images on the surfaces of 
photoconductor drums la to Id. 
[0010] 

[Themes Intended to be Solved by the Invention] However with 
an optical scanning device of such an arrangement, since all 
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of the four laser beams or at least three of the laser beams 
pass through positions that are shifted from the optical axis 
of the optical system, the main scanning lines, which are drawn 
on photoconductor drums 101a to lOld by the scanning of the 
surfaces of photoconductor drums 101a to lOldby the laser beams, 
take on a so-called bow shape, which is distorted in a bow-like 
manner due to distortion of the optical system. Even when the 
main scanning lines for the four colors are adjusted so as to 
overlap as much as possible by controlling the timing of writing 
of the images of the respective colors, the occurrence of color 
drift in the subscanning direction cannot be avoided due to 
differences in the bow according to each color, and as a result, 
the picture quality of the color image is made low. 
[0011] Fig. 12 is a diagram, which schematically illustrates 
the bows of the main scanning lines on the photoconductor drums, 
which arise as a result of distortion of the optical system. 
As shown in Fig. 12, the main scanning lines 117a to 117d, which 
are drawn on photoconductor drums 101a to lOld, respectively 
have shapes that are distorted in a bow-like manner in the 
subscanning direction and bows of mutually different curvature 
are formed. 

[0012] Fig. 13 is a schematic view, which shows the manner 
in which color drift occurs in the subscanning direction on 
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the recording paper as a result of the differences in the bows 
of the main scanning lines of the respective colors . Color drift 
occurs in the subscanning direction on the recording paper since 
main scanning lines 117a to 117d, which have bows that differ 
in curvature according to the respective colors as shown in 
Fig. 12 , overlap in the manner shown in Fig. 13. Fig. 14 is 
a drawing, which schematically shows the bows of main scanning 
lines that are curved in directions opposite those of the bows 
shown in Fig. , 12. 

[0013] As shown in Fig. 14, the respective main scanning lines 
118a to 118d drawn across photoconductor drums 101a to lOld 
are curved in directions opposite those of the main scanning 
lines 117a to 117d shown in Fig. 12 . Thus depending on the optical 
system, the bows may be curved in directions opposite those 
of the bows shown in Fig. 12. 

[0014] For the sake of explanation, the curvatures of the bows 
are drawn in an exaggerated manner in Figs. 12, 13, and 14. 
As an art for correcting such bows, Japanese Laid-open Patent 
Publication No. Hei 6-286226 discloses an optical scanning 
device, which makes use of the bending of the locus of scanned 
light when the scanned light is obliquely made incident on a 
plane-parallel glassplate anduses aplane-parallel glassplate 
disposed obliquely with respect to the optical axis of a laser 
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beam to cancel out the bow that arises due to the optical system. 
[0015] However, such insertion of a plane-parallel glass plate 
in the optical path of each laser beam tends to become an 
obstruction in making an optical scanning device compact and 
low in cost. That is, it is difficult to secure space for 
installing four plane-parallel glass plates without causing 
interference on each other's optical" path within an optical 
scanning device that is to be made compact, and the increase 
of the number parts for independently supporting each of the 
four plane-parallel glass plates will tend to invite higher 
costs. 

[0016] The present invention has been made in view of the above, 
circumstances and an object thereof is to provide a compact 
and low-cost optical scanning device with which the bows of 
the scanning lines are restricted. 
[0017] 

[Means to Solve Themes] The first optical scanning device of 
this invention that meets the above ob j ect is an optical scanning 
device, which scans a plurality of scanned ob j ects respectively 
by means of a plurality of light beams and is comprised of a 
light source, which emits the abovementioned plurality of light 
beams, a common optical system, which contains a deflecting 
optical element that deflects in common the plurality of light 
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beams that have been emitted from the abovementioned light source 
and guides the plurality of light beams in a mutually parallel 
manner, and a separating optical system, which guides the 
plurality of lightbeams respectively to theplurality of scanned 
objects and contains ' a separating optical element, which 
separates the plurality of light beams that have been guided 
by the abovementioned common optical system into mutually 
different directions, is provided in common for the 
abovementioned plurality of light beams, and is curved in the 
direction of correction of distortion due to the common optical 
system. 

[0018] Here, the abovementioned separating optical element 
may be curved by a force received from a supporting member that 
supports the separating optical element or the abovementioned 
separating optical element may have a shape that is curved with 
no relation to the force from a supporting member that supports 
the separating optical element. The second optical scanning 
device of this invention that meets the above object is an optical 
scanning device, which scans a plurality of scanned objects 
respectively by means of a plurality of light beams and is 
comprised of a light source, which emits the abovementioned 
plurality of light beams, a common optical system, which contains 
a deflecting optical element that deflects in common the 
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plurality of light beams that have been emitted from the 
abovementioned light source and guides the abovementioned 
plurality of light beams in a mutually parallel manner, a 
separating optical element, which separates the abovementioned 
plurality of light beams that have been guided by the 
abovementioned common optical system into mutually different 
directions and is provided in common for the plurality of light 
beams, and a plurality of individual optical elements, which 
are provided to correspond respectively to the abovementioned 
plurality of light beams that have been separated by said 
separating optical element, guide the plurality of light beams 
respectively to the plurality of scanned objects, and are curved 
in the direction of correction of distortion due to the 
abovementioned common optical system. 

[0019] Here, the abovementioned individual optical elements 
may be curved by a force received from supporting members that 
support the individual optical elements or the abovementioned 
individual optical elements may have shapes that are curved 
with no relation to the force from supporting members that 
support the abovementioned individual optical elements. 

[0020] 

[Preferred Embodiments of the Invention] Embodiments of this 
invention shall now be described. Fig. 1 is an outline view 
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of an optical scanning device that is provided in common to 
the respective embodiments of this invention. This optical 
scanning device 20 is used upon incorporation in a color image 
forming device 100 in place of the respective optical scanning 
devices 103a to 103d and cylindrical mirrors 104a to 104d of 
the color image forming device 100, which was described in the 
above section on prior arts. 

[0021] As shown in Fig. 1, this optical scanning device 2 0 
is equipped with a semiconductor laser array 25, which emits 
four laser beams that have been modulated based on Y, M, C,- 
and BK image data, a .collimator lens 26, which makes the four 
divergent laser beams emitted from semiconductor laser array 
25 -into parallel beams respectively, a cylindrical lens 27, 
which converges each of the four laser beams that have passed 
through collimator lens 26 in the subscanning direction, a 
reflecting mirror 28, which reflects the four laser beams that 
have passed through cylindrical lens 27 towards a predetermined 
direction, a polygon mirror 29, which reflects and deflects 
the four laser beams that have been reflected by reflecting 
mirror 28, an f 0 lens 30, which is arranged with two or more 
lenses and causes each of the four laser beams, which have been 
reflected and deflected by polygon mirror 29, to converge in 
the main scanning direction and subscanning direction and scan 
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along the exposure lines of photoconductor drums 24a to 24d 
at a uniform speed, a reflecting mirror 31, which reflects the 
four laser beams, which have passed through f 6 lens 30, towards 
a predetermined direction, a separatingpolygonmirror 32 , which 
separates the four laser beams, which have been reflected by 
reflecting mirror 31, in directions corresponding to the 
alignment positions of photoconductor drums 24a to 24d, final 
mirrors 33a to 33d, which guide the four. laser beams, which 
have been separated by separating polygon mirror 32, towards 
the respectively corresponding photoconductor drums 24a to 24d, 
and cylindrical lenses 34a to 34d, which cause the respective 
laser beams, which have been reflected by final mirrors 33a 
to 33d, to converge in the subscanning direction. 
[0022] The details of the separating polygon mirror 32 shall 
be given later. Final mirrors 33a to 33d are symmetric with 
respect to a plane, which passes through the centers of the 
four laser beams incident on separating polygon mirror 32 and 
is parallel to the optical axes of these laser beams, and are 
disposed in accordance with the alignment positions of 
photoconductor drums 24a to 24d so that the respective optical 
path lengths from semiconductor laser array 25 to photoconductor 
drums 24a to 24d will all be equal to each other, with the 
relationships of the angles of reflectionof reflecting surfaces 
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32a to 32d of separating polygon mirror 32 being taken in 
consideration. 

[0023] Housing 35 has an exit window supporting part 43, in 
which is opened an exit window 43a from which the laser beams 
are emitted out of housing 35. Separating polygon mirror 32 
is supported on housing 35 at this exit window supporting part 
43 and the other optical parts are also housed inside housing 
35 and integrally supported on housing 35 . Of the abovementioned 
opticalparts, the part including the deflecting optical element 
(polygon mirror 29), which deflects in common the four laser 
beams emitted from semiconductor laser array 25, which is the 
light source, and comprised of the collimator lens 26, 
cylindrical lens 27, reflecting mirror 28, fd lens 30, and 
reflecting mirror 31, which guide the four laser beams in 
mutually parallel manner, corresponds to being the common 
optical system as referred to in this invention. Together with 
final mirrors 33a to 33d and cylindrical lenses 34a to 34d, 
separating polygon mirror 32, which separates the four laser 
beams, which have been guided by the abovementioned common 
optical system, into mutually different directions, is used 
in common for the abovementioned four laser beams, and guides 
the abovementioned four laser beams to the four scanned objects 
(photoconductor drums 24a to 24d) , corresponds to being the 
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separating optical system as referred to in this invention. 
Also,' separating polygon mirror 32 corresponds to being the 
separating optical element as to referred to in this invention. 
[0024] Though cylindrical lenses 34a to 34d are used in the 
above-described embodiment, an arrangement is also possible 
where, in place of using cylindrical lenses 34a to 34d, 
cylindrical mirrors are used as final mirrors 33a to 33d for 
converging the laser beam in the subscanning direction. This 
applies likewise to the other embodiments described below. 
[0025] Separating polygon mirror 32 shall now be described 
in more detail . Fig. 2 is an outline view of a separating polygon 
mirror that is used in common in the respective embodiments 
of this invention. As shown in Fig. 2, separating polygon mirror 
32 has four reflecting surfaces 32a to 32d and each of these 
reflecting surfaces 32a to 32d has a shape that is extended 
in the main scanning direction (direction perpendicular to the 
paper surface) of the laser beams. The respective reflecting 
surfaces 32a to 32d are aligned in a mutually parallel manner 
at positions such that the four incident laser beams will pass 
through the centers of the respective reflecting surfaces and 
be scanned in the abovementioned main scanning direction, and 
the reflecting angles of the respective reflecting surfaces 
32a to 32d are set in accordance with the alignment positions 
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of photoconductor drums 24a to 24d (see Fig. 1) so that the 
optical path lengths of respective laser beams from 
semiconductor laser array 25 to photoconductor drums 24a to 
24d will all be equal to each other, with the positions of final 
mirrors 33a to 33d being taken into consideration. 
[0026] This separating polygon mirror is supported in a manner 
whereby it will separate the respective laser beams in mutually 
different directions and whereby it is curved in the direction 
of correcting distortion due to the common optical system. 
Embodiments in which the separating polygon mirror is supported 
in a manner whereby it is curved can be largely classified into 
embodiments wherein the separating polygon mirror is curved 
by receiving a force from a supporting member that supports 
the separating polygon mirror and embodiments wherein the 
separating polygon mirror has a shape that is curved with no 
relation to the force from a supporting member that supports 
the separating polygon mirror. 

[0027] An embodiment wherein the separating polygon mirror 
is curved by receiving a force from a supporting member that 
supports the separating polygon mirror shall be described first 
below. Fig. 3 is a diagram, which shows a first embodiment of 
a separating polygonmirror in the first optical scanning device 
of this invention, with Fig. 3(a) being a front view and Figs. 
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3 (b) and 3 (c) being sectional views along lines A- A' and B-B' , 
respectively, of Fig. 3(a) . For the sake of explanation, the 
curvatures of the bows in the drawings of Fig. 3 onwards are 
drawn in an exaggerated manner. 

[0028] As shown in Figs. 3(a), 3(b), and 3(c), the first 
embodiment is applied in the case where the distortion of the 
common optical system is corrected by curving, both ends of 
separating polygon mirror 32 upward with respect to the paper 
surface so that the mirror takes on a concave form. Thus with 
this embodiment, the separating polygon mirror supporting 
member is comprised of three members, that is, a central 
supportingmember 41b, which fixes the central part of separating 
polygon mirror 32 onto housing 35 or the exit window supporting 
part 43 of housing 35, and end supporting members 41a, which 
support the ends of separating polygon mirror 32 in a manner 
enabling vertical movement. Directly below the end supporting 
members 41a of housing 35 are provided bolts 44 for moving the 
respective end parts of separating polygon mirror 32 up and 
down. With this embodiment, after mounting separating polygon 
mirror 32 onto the optical scanning device, end supporting 
members 41a are pushed upwards by means of bolts -44 to cause 
separating polygon mirror 32 to become curved in a concave manner 
towards the upstream side of the optical path and thereby correct 



-21- 



the distortion of the common optical system. 
[0029] Fig. 4 is a diagram, which shows a second embodiment 
of a separating polygon mirror in the first optical scanning 
device of this invention, with Fig. 4(a) being a front view 
and Figs. 4 (b) and 4 (c) being sectional views along lines A- A' 
and B-B' , respectively, of Fig. 4 (a) . As shown in Figs. 4 (a) , 
4 (b) , and 4 (c) , this second embodiment is applied in the case 
where the distortion of the common optical system is corrected 
by curving the ends of. separating polygon mirror 32 upward with 
respect to the paper surface so that the mirror takes on a convex 
form. Thus with this embodiment, the separating polygon mirror 
supporting member is comprised of three members, that is, end 
supporting members 4 6a, which fix the ends of separating polygon 
mirror 32 onto housing 35 or the exit window supporting part 
43 of housing 35, and central supporting member 4 6b, which 
supports the central part of separating polygon mirror 32 in 
a manner enabling vertical movement . Directly below the central 
supporting member 4 6b of housing 35 is provided a bolt 44 for 
moving the central part of separating polygon mirror 32 up and 
down. With this embodiment, after mounting separating polygon 
mirror 32 onto the optical scanning device, central supporting 
member 46b is pushed upwards by means of bolt 44 to cause 
separating polygon mirror 32 to become curved in a convex manner 
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towards the upstream side of the optical path and thereby correct 
the distortion of the common optical system. 
[0030] An embodiment of a separating polygon mirror having 
a shape that is curved with no relation to the force from a 
supporting member shall now be described. Third and fourth 
embodiments of a separating polygon mirror in the first optical 
scanning device of this invention are shown in Fig. 5. As shown 
in Fig. 5(a) , with the third embodiment, a separating polygon 
mirror 32', which has been formed in advance in. the polishing 
stage to take on a shape having a mirror surface 32' a, which 
is curved upwards to take on a concave form, is used, and the 
distortion of the common optical system is corrected by this 
mirror surface 32' a of separatingpolygon.mirror 32' . Separating 
polygon mirror 32' is fixed onto a housing 35 by means of end 
supporting members 47, which support the ends of separating 
polygon mirror 32' . 

[0031] Meanwhile as shown in Fig. 5(b), with the fourth 
embodiment, a separating polygon mirror 32", which has been 
formed in advance in the polishing stage to take on a shape 
having a mirror surface 32"a, which is curved upwards to take 
on a convex form, is used, and the distortion of the common 
optical system is corrected by this mirror surface 32"a of 
separating polygon mirror 32". Separating polygon mirror 32" 
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is also fixed onto housing 35 by means of end supporting members 
47, which support the ends of separating polygon mirror 32". 
[0032 ] Figs . 6 shows fifth and sixth embodiments of a separating 
polygon mirror in the first optical scanning device of this 
invention. As shown in Figs. 6(a) and 6(b), with the fifth or 
sixth embodiment, .though a separating polygon mirror 32' or 
separating polygon mirror 32", which has been formed in advance 
in the polishing stage to take on a shape having a mirror surface 
32' a, which is curved upwards to take on a concave form, or 
a mirror surface 32 "a, which is curved upwards to take on a 
convex form, is used, separatingpolygonmirror 32 ' or separating 
polygon mirror 32" is not directly supported on the exit window^ 
supporting part 43 of housing 35 but is fixed onto housing 35 
by means only of end supporting members 48, which are mounted 
to housing 35. 

[0033] In terms of the design of the optical scanning device 
or in terms of the unit assembly procedure, it is preferable 
not to directly support the separating polygon mirror by means 
of the exit window supporting part of the housing but to support 
the separating polygon mirror by means only of the ends of the 
separating polygon mirror. Thus in cases where it is difficult 
to support the ends and the central part of the separating polygon 
mirror at the "same time as in the above-described third and 
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fourth embodiments, the separating polygon mirror may be 
supported by means of just the end supporting members 48 as 
in the fifth and sixth embodiments described above. 
[0034] Furthermore, it is also effective to combine the 
above-described first to sixth embodiments, that is to use a 
separating polygon mirror, which has been polished in advance 
in the polishing stage to have a mirror surface that is curved 
upwards in a concave or convex form, in combination with a 
supporting mechanism by which the degree of curvature can be 
adjusted vertically. Fig. 7 shows developments of the optical 
scanning device of this invention within the plane that contains 
the optical axis of the scanning optical system. Fig. 7(a) is 
a development along the subscanning direction and Fig. 7(b) 
is a development along the main scanning direction. 
[0035] As shown in Fig. 7(a), in the subscanning. direction, 
a laser beam that has been emitted from semiconductor laser 
array 25 is converged onto polygon mirror 29 by means of 
collimator lens 26 and cylindrical lens 27, then converged onto 
the reflecting surfaces 32a to 32d of separating polygon mirror 
32 by means of f 0 lens 30, and converged onto photoconductor 
drum 24a via final mirror 33a and by means of cylindrical lens 
34a. That is, in the subscanning direction, the exit surface 
of semiconductor laser array 25 and polygon mirror 29, polygon 
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mirror 2 9 and separating polygon mirror 32, and separating 
polygon mirror 32 and the drum surface of photoconductor drum 
24a are in optically conjugate mutual relationships. 
[0036] Meanwhile as shown in Fig. 7(b) , in the main scanning 
direction, laser beams that have been emitted from semiconductor 
laser array 25 are made into a parallel beam by collimator lens 
26 and imaged onto photoconductor drum 24a by f 6 lens 30. With 
a 'scanning optical system with such an arrangement, after the 
four laser beams, which have been modulated based on Y, M, C, 
and BK image data, are emitted from semiconductor laser array 
25 and have been made into parallel beams by collimator lens 
26, the laser beams are converged in the subscanning direction 
by cylindrical lens 27 and then reflected and deflected by 
polygon mirror 29. The four deflected beams, which have been 
reflected and deflected, are respectively converged in the main 
scanning direction and subscanning direction by f Q lens 30, 
guided to separating polygon mirror 32 by reflecting mirror 
31, and separated there into directions' corresponding to the 
alignment positions of photoconductor drums 24a to 24d. The 
four separated light beams are reflected by reflecting mirrors 
33a to 33d, which guide the beams to the respectively 
corresponding photoconductor drums 24a to 24d, and via 
cylindrical lenses 34a to 34d, expose the rotating 
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photoconductor drums 24a to 24d, which have been priorly sub j ect 
to primary charging, to form electrostatic latent images on 
the surfaces of photoconductor drums 24a to 24d. 
[0037] Examples with actual dimensions of the respective 
embodiments described above shall now be described. In these 
examples, the array interval of semiconductor laser array 25 
is 250//m, the focal length of collimator lens 26 is 28.2mm, 
the focal length of cylindrical lens 27 is 225 . 2mm, the distance 
from f 9 lens 30 to separating polygon mirror 32 is 100mm, the 
distance from separatingpolygonmirror 32 to cylindrical lenses 
34a to 34d is 85mm, the distance from cylindrical lenses 34a 
to 34d to photoconductor drums 24a to 24d is 106mm, and the 
laser beam diameter on photoconductor drums 24a to 24d is 50 
jUm. Also, the distance between the respective centers of 
photoconductor drums 24a to 24d is 50mm and the scan width is 
297mm. 

[0038] Fig. 8 is a schematic view, which shows the conditions 
of the bows of the scanning lines in the respective embodiments 
of this invention described above. Fig. 8(a) shows the case 
where separating polygon mirror 32 is not curved and Fig. 8 (b) 
shows the case where separating polygon mirror 32 is curved. 
As shown in Fig. 8(a), the scanning lines 21a to 21d of the 
respective colors have outwardly protruding bows when 
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separating polygon mirror 32 is not curved. However, as shown 
in Fig. 8 (b) , when separating polygon mirror 32 is curved, the 
color drift in the case where the images of the four colors 
of Y, M, C, and BK are overlapped is decreased to approximately 
one-fifth of the drift of 210/zm when separating polygon mirror 
32 is not curved and the picture quality of the output image 
is greatly improved. This is because the curvature' of field 
effect due to separating polygon mirror 32, which is curved 
in a convex form towards the upstream side of the optical path, 
acts to cancel out the bows that protrude outward with respect 
to the optical axis . When separating polygonmirror 32 is curved, 
since the inclinations of the outer reflecting surfaces 32a 
and 32d with respect to the horizontal surface becomes large 
in comparison to those of the inner reflecting surfaces 32b 
and 32c, the curvature of field effects due to the outer 
reflecting surfaces 32a and 32d will be greater than those of 
the inner reflecting surfaces 32b and 32c. However, since the 
bow will be greater the further away from the optical axis, 
that the curvature from the field effect is greater at the outer 
sides will be convenient for bow correction and will provide 
the effect that the scanning lines 22a to 22d will be made 
uniformly close to being straight lines. 

[0039] Next, an embodiment of the second optical scanning 
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device of this invention shall be described. Since the overall 
arrangement of the second optical scanning device of this 
invention is the same as that of the embodiments of the first 
optical scanning device of this invention shown in Fig. 1, a 
description of the overall arrangement shall be omitted. The 
difference of the second optical scanning device with respect 
to the .first optical scanning device is that bow correction 
is not performed by separating polygon mirror 32 in the second 
optical scanning device but is performed by making final mirrors 
33a to 33d curved. 

[0040] Here, the final mirrors 33a to 33d of this embodiment 
correspond to being the individual optical elements as referred 
to in this invention, and final mirror supporting members 42a 
to 42d correspond to being the supporting members that support 
the individual optical elements as referred to in this invention . 
To make final mirrors 33a to 33d curved, the methods of curving 
the separating polygon mirror as explained with the first or 
second embodiments (see Figs. 3 and 4) of the first optical 
scanning device of this invention may be applied to the final 
mirrors 33a to 33d (see Fig. 1) or to the final mirror supporting 
members 42a to 42d that support the final mirrors. By making 
final mirrors 33a to 33d curved, since curvature from the field 
effect of the same form as those obtained by making separating 
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polygon mirror curved canbe obtained, the bows of the respective 
scanning lines can be reduced by individually adjusting the 
degree of curvature of each of final mirrors 33a to 33d. Also 
as in the fifth and sixth embodiments (see Fig. 6) of the first 
optical scanning device of this invention, final mirrors 33a 
to 33d, which have been provided with shapes with which the 
mirror surfaces have been polished to be curved in a concave 
or convex form in advance in the polishing stage, may be attached 
as they are to the optical scanning device. In this case, the 
mirror surface curvature effects can be obtained simply by 
supporting final mirrors 33a to 33d only at the end parts. As 
in the case of making the separating polygon mirror curved, 
a color drift of 210/zm can be reduced to about 35//m and the 
quality of color output images can thereby be improved with 
this embodiment as well. 

[0041] Though a separating polygon mirror is used as a means 
of separating the four laser beams into directions corresponding 
to the alignment positions of photoconductor drums 24a to 24d 

(see Fig. 1) in the respective embodiments described above,' 
the abovementioned means is not restricted to a separating 
polygon mirror, and a diffraction grating array, lens array, 
or concave mirror array, etc. may be used instead. Also, the 
respective photoconductor drums 24a to 24dmay be scanned with 
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a plurality of mutually close laser beams to achieve higher 

scanning speeds and higher definition.' 

[0042] 

[Effects of the Invention] As has been described above, with 
the first optical scanning device of this invention, since the 
separating optical element, which separates the plurality of 
light beams into mutually different directions is curved in 
the direction of correction of the distortion due to the common 
optical system, the curvatures of the bows of the scanning lines 
on the scanned object are lessened. Thus when this optical 
scanning device is used in a color image forming device for 
example, the color drift among the respective colors due to 
distortion can be restrained and the picture quality of the 
output color image can be improved. 

[0043] Also with the second optical scanning device of this 
invention, since the plurality of individual optical elements, 
which are provided to correspond respectively to the plurality 
of light beams, which have been separated by the separating 
optical element, and guide the abovementionedplurality of light 
beams respectively to the plurality of scanned objects, are 
curved in the direction of correcting the distortion of the 
common optical system, the curvatures of the bows of the scanning 
lines on the scanned objects can be lessened as in the case 
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of the above-described first optical scanning device. 
[BRIEF DESCRIPTION .OF THE DRAWINGS] 

[Fig. 1] An outline view of the optical scanning device, which 
is common to the respective embodiments of this invention. 
[Fig. 2] An outline view of the separating polygon mirror, 
which is used in common in the respective embodiments of this 
invention. 

[Fig. 3] A diagram, which shows the first embodiment of the 
separating polygon mirror in the first optical scanning device 
of this invention. 

[Fig. 4] A diagram, which shows the second embodiment of the 
separating polygon mirror in the first optical scanning device 
of this invention. 

[Fig. 5] A diagram, which shows the third and fourth embodiments 
of the separating polygon mirror in the first optical scanning 
device of this invention. 

[Fig. 6] A diagram, which shows the fifth and sixth embodiments 
of the separating polygon mirror in the first optical scanning 
device of this invention. 

[Fig. 7] Developments in a plane containing the optical axes 
of the scanning optical system of the optical scanning device 
of this invention. 

[Fig. 8] A schematic view, which shows the conditions of the 
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bows of the scanning lines in the respective embodiments of 
this invention. 

[Fig. 9] A.schematic view, which shows the general arrangement 

of a prior-art tandem type color image forming, device. 

[Fig. 10] A block diagram of the optical scanning device used 

in the color image forming device, of Fig. 9. 

[Fig. 11] Ablock diagram of aprior-art optical scanning device 

in which the optical parts have been made in common. 

[Fig. 12] A diagram, which schematically shows the bows of 

the main scanning lines on the photoconductor drum, which arise 

as a. result of distortion of the optical system. 

[Fig. 13] A schematic view, which shows the manner in which 

color drifts in the subscanning direction occur on the recording 

paper due to differences in the bows of the main scanning lines 

of the respective colors. 

[Fig. 14] A diagram, which schematically shows the bows of 
main' scanning lines, which are curved in the opposite direction 
as the bows shown in Fig. 12. 
[Description of .the Symbols] 
20 optical scanning device 
24, 24a ~ 24d photoconductor drum 

25 semiconductor laser array 

26 collimator lens 
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27 cylindrical lens 



28 reflecting mirror 



29 polygon mirror 



30 f9 lens 

31 reflecting mirror 

32 separating polygon mirror 
32a ~ 32d reflecting surface 

32', 32" separating polygon mirror 
32' a, 32"a mirror surface 
33a ~ 33d final mirror 
34a ~ 34d cylindrical lens 
35 housing 

41a end supporting member 

41b central supporting member 

42a ~ 42d final mirror supporting member 

43 exit window supporting part 
43a exit window 

44 bolt 

4 6a end supporting member 
4 6b central supporting member 
100 color image forming device 
101a ~ lOld photoconductor drum 
102a ~ 102d charger 



-34- 




103a ~ 103d optical scanning device 
104a ~ 104d cylindrical mirror 
105a ~ 105d developer 

106 recording paper 

107 conveyor belt 
108a ~ 108d cleaner 

109 fixing roller 

110 emission duration control circuit 

111 laser diode 

112 collimator lens 

113 cylindrical lens 

114 polygon mirror 

115 f<9 lens 

116 illumiriation position detection sensor 
117a ~ 117d, 118a ~ 118d main scanning line 
120 optical scanning device 

125 semiconductor laser array 

126 collimator lens 

127 cylindrical lens 

128 reflecting mirror 

129 polygon mirror 

130 f<9 lens 

131 reflecting mirror 
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132 separating polygon mirror 

133 final mirror 

134a ~ 134d cylindrical lens 
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0 la~l 0 ld±fc«K±j6*7>f ^^»©ii 
ftiKHCit), (bow) fcittns-^ttC^Jg 

tffi* t) *i «t 9 tcSS bT *^fe«©*^©M©fc to 

ciij^*^iRi©s-f ft©»£#»tt a 7-ns!© 

[0 0 11] HI 2tt, **»©SfliiR«tJ:&4US 

«»;K7A±ffli«i7^ >©^^ft«swt^i-0 

H 1 2tC^-ri5Cs ®?t»K7A 1 0 1 a~ 

1 0 1 d±Cfl&A»ti3±^*5'f > 1 1 7 a~ 1 1 7 d 

[0 0 12] HI 3ttx *6«©±«aE7'f >©jP>>© 
J: Uf3SIS±tiJ^**lRl©fe-rnAs5£i;58l ; f ft 
jjVttKHTfc*. HI 2C3sbfc*fi«Cft*©H& 
SjP***^-*^*^^ > 1 1 7 a~ 1 1 7 d*s, H 
1 St^l-ia^lto^to^n^^atcit), I3^± 




5 

Lfc#$fc&^©#flfc»ffibfc£^7'f >©#* 

[0 0 1 3] 01 4t^1-i3C 1 0 1 

a~l 0 1 d±KfiS36 i ns±*47'f > 1 1 8 a~ 1 1 
8dttWe*u HI 2t*tt6£;£g7'f >1 1 7 a 
~1 1 7dfc£*t©#lRlfcSfilbT^S. ^ti^ 

[0014] ft4b\ El 1 2, m 1 3 v *iVH 1 4 10 

¥6-28622 6^&»fcH\ jttJfcfeWW? 
ft*UJ8U 1/— ffK-AfflJfcUCWbtti&tEEUfcJF 

ft^^S£3Cb&#*4ge#H^£ftTV>S, 
[0 0 15] b*>bft#S>s £©,fc?K:&b— Ifbf-A 
©JfeB^C^frVflWTXftftVr* ihtt^SS® 
©'J*S4bx ffia^ Mb&H^T-CPtStfc^l-^o 20 

#5;**m>fcft©#KkT»S*rCR«M-*fc«>© 

[0 0 16] #$gWtt, ±f3©*tft&^ ^*7-f > 
[0 0 17] 

[flW*»iW*fc»©*®] ±B©iWt jftEJtr** 30 

#6Hj§©fg i ©A^*^g(i> a&#©7fc tr- A^n-en 

*^T, ±I3^»*©^tf-AStB»1-i.^Si:s ±13 

«lRl***?ft^ aft#©3feK--AftEV>K 3 WTC 
*<«a3fe£*i:, ±ta#ajfc**C**ftfcttft*© 
3feK-Aft«£CJIfc*#flR:4Mrf-^ ±f3a»#© 
}fetf-AJc£a©, ±BB«a**3R©^ftiRIS*»iE-r 
*#filfc»ffiLfc#lfete*J*Ffc£*x ±I3agfc#©# 

H-A*ii-€'ixfta»©itotiEft j f*i*iit#<«-iii* 40 

¥^ fc ftd* & C k £<$9t k: *S . 
[0 0 1 8] EST, ±Efl*Jfc**W *©#«« 
**?*3d#f 53a*ft*e)©*ftSB-T»i8ibT«:5 
4)©T-feoT*i<, ±Efl«#£S*F^ ^© 

EWfcsys-rs*»w©» 2 a*#© 
-rsasaeBBcsv^ ±gaa»*©*K-ix*ffi» 




6 

Ik ±Ett»*©3fcK-i»t«a©fl-«3fc*3R?fc, ± 

*ti£.m«\,xffiit>ti. a»*©*-i;-Atn-tnft 
a»©.«bfe3iEflc*n-thc*<, ±i3*3i^^«©sft 

[0 0 19] I:Tn ±H3fflS'J^^* s s *©fflgij# 

fcsfcf iSftft* 6 ©£ ft gtt tsft u-r ft s 
*»©T*fe^Tfe«fc<s ±EfflS'jye^»?4s> ^e© 
IBS!!***? * sa^t s sastt* & © a i: &mm& t a 

fttfcJIM***-r*fe©T*^TfeJ:W 
[0 0 2 0] 

[»«©*»©»»] WTx *#8B©IO»liaiCo^T 
rari>o HltiU *«B©&%SK&ffiK:Aaft3fc&t 
SS©m5ET-$.i.o E©M4Sfi2 0HU 

©ttrc©«-*Kwufc*5-mfly&j««« i o o©#* 

103a~103d, ^> y > K U 5- 1 
0 4a~l 0 4dfcttfcoT*5-Mt^J5S«il 0 0 

[0 0 2 1] HICSWiSfc, C©3tot*««2 0C 
BU Y, M % C % BK©BI*5 f --*fc*-^Ta»l3iX 
fc4*©V— !fK-Aftffiirj-*iMWtl/-1f7U'f 2 

4*© i/— tf tr-Aft^n-?fi¥ : fTt:-A(ci-i.3 u ^ 

-i'l/>X2 6i: > 3'J^-^V>X2 6fta®bfe4 

*©v— tfK-ixft-tn^niJjtabSriacajii***^ 

|J > h* 'J >X 2 7 kx ^ U > K 'J >X2 7 
ftjlifl bfc 4 *©U— tf tT-Aft^©7?[R]tCSW1-S 
£1**5-2 8 4:, S*f^5-2 8"CS»bfc4*©V 
— «fbT-AftSWeiqIfS^U=f>^5-2 9ks #U 
:J>*5-2 9TSWfi[Rlbfc4*©V-tftr-Aft^ 

n**i±***ra*ivBi3fe3beriRiK:*j|i**T«jteft 

K7A2 4a~2 4dtDl3fc7^ >±ft«METfjt*S 
*5 2tS:Jil±©lx>XT-«fi£$nfef 0U>X3 0 i:^ 

f 9i/>X3 osaiib&4*©u— tftr-Aft^o 
^isitsw-rss*f^7-3 1 1, IT'S 

»l/&4*OV- !ftf-AftJ8i7fettl«7A2 4a~2 4 
d©BEJiJttBtJiSb^[RlC7>fSI1-S^S#att3 2 

bmmskz 2T?7>«i$tvfe4*©v— tft-Aft 

*ii^*i»i61-*«3fcffH7A2 4a~24dt*<« 
H?7-33a~33dk, 3 a~3 3 d 

^■S^U>K»;*;VU>X3 4a~3 4di:* s fiS^.t ) n 

[0022] ft*, ftm&mm 2<Dmm\^^x\m 

J61-4. ««l^7-3 3a~3 3dJi s ^g|^®^3 2 

t xitt a 4 *© u— tf tr- a© *'C> fta D *n & © i/ 



# 

( 5 

7 

ft{*H7A24a~24 d©EJUfl«Cl6 l;T#Bi#® 
81 3 2 ©SWH 3 2 a ~ 3 2 d ©£if£ i: OHffi * 
^aWtl/— *T7M 2 5 1*5 A 2 4 a~2 4 

d £T©*ft-?ft©ftE§ft*V£:T^ b < ft 5 <fc ? tl&S 

[0 0 2 3] M#3 5tt, 1/— !ft:-Aftg#3 5ft£ 
tBW1-*Uil**4 3 a4*MP3*ifctMMSdtt»4 3* 

*ut^*. frm%mm3 2 1* c ©ajjwsasa^w 4 3t- 

ffi&3 5t$&£*lTV>£S*\ ffe©#£9JB*«*3 10 

§3©ft¥SI5 D D q©-5*>, #^&34^SfrI/-1f7W 2 
5*»6fflW?iXfe4*©b— 

fflfiUfe**? (*U3 - >^7-2 9) ft**, Ctl^4 

*©u— tftr-Afts^fcWfc&o >j u>x 

2 6, isV>\")jj)VU>X2 7, £iU5-2 8> f 
01/VX3 0, £«fctf£i^7-3 1#«8WC^5« 

fe 4 #© i/ -if k- a ft ffls c Mft a *fl c s , 

±f34#ffiV-1ft:-AC&jl©, ±I34*©U— tftf 20 
-A**veftft4o©&7&tft (Wt ! 7A2 4a~ 

2 4d) *ft**iC#< % frM%Wm3 2, 
33a~33d, fcit^U > K'J*;i/l/>X3 4 a~ 

3 4d#*»BiC^5«-«***fcffiata. *fc> # 

[0 0 2 4] ft*, ±B©gQWBJBfc*5^Ttts > 'J > 
h*l>#;i/l'>X3 4a~3 4dA s fflV , >£>JxTV , >3a s , 
»J>HU*;i/l/>X3 4a~3 4 dftfflUSttfc !> fc, 
g&$7-3 3 a~3 3 d iibTi'UVh* ^5- 

$^LT&«fcV^ Cfttt*»1-Sft©l<aiB»fflfc*v% 

[0 0 2 5] #8f#H&3 2t^TS6Cib 

ftm^mm 3 2 a 4 o©sira 32a~32dft*bT 

-n?>©§R»@3 2 a~3 2d#l/— !ft-A 
©±^*^|SI (MtSiSft^lR]) fcg<ewfcJB#fc 
LT^S. §R»H3 2 a~3 2 dtt, AW"f £> 4*© 

i/— ifb:-AA s ^ti^n©£»s©*'C»ftaoT±i3i 40 

*VT# 9, £R*f® 3 2 a~ 3 2 d©££tf|Ji, Jfetft 
K5A2 4a~2 4d CBIIMCftt 
T, *||$5-3 3 a~3 3 d©<4Mft*»*3lttl/- 
If/'W 2 5*»£>!BM*K7A2 4a~2 4d*T*©& 
U— «f e-A©#g§*#2H lc« b < ft S «£ -5 fciSSSS 

[0 0 2 6] d©fl*£Ii«HU #1/— tf^-AftfflS 
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#&©*fctt*B^fc»lttLfc^S#T*£«*BMI 
[0 0 2 7] WTfc, ft-f, ^JWt*6©*fta»T^ 

Si#@^i s ^fltTfti.^«^3ov^Tia0^1-5. 03 
tt, ##§BJ3©$g 1 ©3fc££SBC£t?satf$iaft©j|!f 

lOSEJBKJBftSstBlT?*!), 0 3 (a) tt*©IEE 
0, 03 (b) £<fcT>*03 (c) {±, 03 (a) ©A- 
A' WiH043«tVB-B' Bf®0T*S-5c ft*5, KW© 

ip-&±, H3ttB©iaiat*fra#*©ai*t±issBbT 

[0 0 2 8] 03 (a) , 03 (b) , jsixmz 

(c) tc^-r«t^{Cs mi<Dnmw*m&, &m®m3 

2 ©W^*ttfflCffl:*oT±;£fcI!DttfcStt3*S d 

t c * o Tfta***©ffiiftjRi»ft*iiEi-*»^cafli 

ft, #gi#B&S3 2©**g|5ft1Sft:3 5&«lMi«ft3 
5©U*a8fci«B4 3 fcH*-i-***»3»W*4 1 b 
i:, ^*^Bil3 2©W«l»*±T»e4fc3a*-rs«l 
gPS^#4 1a, 4 1a4:©3aWCJ;!)«|j«tS. « 
»3 5©«SBjd^4 1 a, 4 1 a©BTKJi#gf#.H 
^3 2 ©#i«»*±T»$#* &»©*-«/> 4 4#Rtt 
£>ftT^5. *H»^T(±, o>SI^®^3 2ft^S 
«Btai!)ftttfc«, JP;i/b4 4fcJ;D«ras3a«*4 1 
a, 4 1 aft#L±l:f2>Ci:fcJ;9#gt^BS£3 2ft^ 

B©±«jiciRi*-3Tiattc*ifl**T«a***©ifi 

ffliRMft«IE-r?.. 

[0 0 2 9] 0 4 tt % *^B^©» 1 ©*«*««t*» 
2.7>g|#®^©«2©^J£^ft^1-0T-feDs 04 

(a) (i-f©IEH0, 04 (b) 43*0*814 (c) tt, 
04 (a) ©A-A' Kf®043«tVB-B' KB0TS. 
•S. 04 (a) , 04 (b) , 04 (c) ICmt*? 
^2©^JiEW±, *«^iil*3 2©ll«l«*«lB 

**©Mft«JH**IE1-S»^KafflSn5. ^©fe 
*H1BBB-Cttx 7>ff#HMSftftft, «-ei^®^ 

3 2©(3o3isia3ftgft3 5fe*^ttffit*:3 5©tUif^^ 
«4 3fcH^1-S*Ba3a#ft4 6a, 46ah, 

mm3 2©«tiA»ft±T»a«c3a#i-*'WM»3a»» 

4 6bfc©3»*fti»)«|ja-ri. ffi#3 5©**g|3£ 
»#4 6 b©irFCtt*«*H«l3 2©4>A»*±T» 
£■£-&&#©*;> M 4 #Kttf>ftTV^. *HJS^« 
T-(is 7>gl#S^3 2ft^4Sgtli»3^(j-fc^ * 
;i/ h 4 4 C ± *) 4 6 b ftjf U±tf 5 C 1 1 

«t bfrmmm 2 ft^ss©±««ytiai*oTOttt?i 
ia*-«-r«a**3R©5iiJRii6iiiEi-*. 

[0 0 3 0] 3a*ft*6©*i:tt»lllffC»Iftb 



( 6 ) 
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5f±, *%w<D%KDytfe&mw£%\tz>frm%ffim<D 

#8t£®ii3 2' J±, fl-«S£iStt3 2' OR 
»*a****IIW*l## 47C±!3g&35 ±CB*3 

tlSo 

[0 0 3 1 ]-*, E5 (b) fcjjVTJ;-5.fc, *4©|& 10 

®3 2" a*:&lN&^C«a8Siafc#*£ffilft3 2" 
jWS^fefU 3©#gtf-[S^3 2" ©g|®3 2" afci 

2" ftm&mm 2" <Dtim*3m*nm3L 

J«M7CJ:i>«*3 5±K@5££,aS. 
[0 0 3 2] El 6 l±, #£§W©Si 1 ©3fc*3taEBt-*W- 

zftm&mmom 5 * *w * 6 ©fQi»»s avrisi-e* 

•So E6 (a) £±,706 (b) Cjjvr±-5fc, 
fc(±H6©fIiiMT-{±, ^tMffiMMT?, ±*CEM* 20 
lC^ffltfc^S3 2' a&SV>t±±#Cfl#K}$fflLfe 
S«S3 2" a ft*-*"* J8M*«UKJ«*ixfc«-»lBifc 3 
2' &SV^±#8i#B&3 2" #/S^f>ftS#, 
B&3 2' &«VM*£-B$Ilflt3 2" t±, fiH*3 5©ffi 

lt6#ifc«W3a*»4 8®*CJ:&tt«:3 5CHS**i 

[0 0 3 3] #7t*gg©iMt±,. *SV>aa=» MS 

&iS82:}f-fs±5*>, #ss#Bgi©MSisiS5©&-e#gf 30 

4 omnmm® ± 3 c ftm&wmom sssb t t s 

5 Sfctt*6©jOl^li.Cw-rJ:a t«HS53a#»4 8© 
[0 0 3 4] ££>tc, ±ia»l©IQiBBI8*6»6©3(l 

ffi*£fe*TJB^ H7ttx fcJ&Bli 40 

Pg^T-^So E7 (a) f±, IHdS&nOHilBTft 
!>> 0 7 (b) ft, Sj63bEFlRlOgHBnJ*5. 
[0 0 3 5] H7 (a) Kjjrf±-5£, fflgtS^flT 

{± s IfyW'f 2 5 4»6W»$ii&u— ifif- 

X2 7ti&!KU=r>55-2 9±tfJfc*U &^T-f 
6>l/>X3 0t±$fl«#BSi3 2©SM@3 2a~3 
2d±"***U *»^5-3 3a*gT*>UVH»J* 

;i/l/>X3 4afc±t>ig#ftK7A2 4a±-e£** 50 
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5©Hdlt@i:/K'j3->~ 5-2 9 S *'Jrf>2;7 
-2 9i:#gS#B*ifl3 2, S&fc, #@S#-B8I3 2 hi® 
F'5 A 2 4 a© K 5 AfflffSV* 

[0 0 3 6] -*, Ml (b) fcifrM:5fc, ±^«* 
IflTCHU tfT'Iz-f 2 5*6H**Jlfc1/-1f 

tT-Att, *U>X2 6fc±t>¥f?t:-Afc$ 

ft, &^Tf 0U>X3 0fc«fc9{&##;K7A2 4a± 

y, m, c, BK©ii!«7*-*fca6-3v^ta:«$nfc4 

*©I/— tftf— A^iJMSU— tfTU-f 2 5fr£ttitt£ 

nmsft, *6c#u J>$5-2 9Tjawifl**i 
So stt{f[Ri^nfc4*©{i[fiit:-Ai±f t9i/>x3 o 
t«tt}£^**[Sis ifeJ;iFil***iRiK:**i*ii*** 
tu Klf5 5-3 l£±D#fB£B&3 2JC«A>n, * 
C Tf JBJfcff K5A24a~24d CDEKNMCJS life* 

fpj^«-fli$n-So 7>»$nfc4*©^t:-Ai±^iT.^h. 

»«r**3W*l«?A2 4a~2 4dt:*<fi»S5- 
3 3a~3 3dT-SW$iXs S'U > HU*;i/U>X3 4 
a~3 4d*«T*»-ife*«*»*T0«-r4J63W*: 
K7A2 4a~2 4d£g#U WF5A2 4a~ 
2 4 d©*B£#m?f&£ffM-rs. 

[0 0 3 7] ±B©#jaBK»t*»*9SWO^ 
8s0ICWttBfl!rS. **»U— Wl/-f 2 5©TL- 
-f HBP»tt2 5 0/zm, 3 IM-*V>X2 6©«0£8§g£ 
{±2 8. 2 mm, S/>J > K 'J A;i/1/>X2 70«Uyg« 
{±2 2 5. 2mm, f 6 y>X3 0ipe.^Si^®M3 2 
^T-©Eegf (± 1 0 0 mm, #8f#ag& 3 2 3^6^ U > K 
»J *;U.l/>X3 4 a~3 4 dST'©S§8|{±8 5mm, ^ 
U > K»;*;i/V>X3 4 a~3 4 d*5.MftK7A 2 
4a~2 4d*T*©Eg^ii±l 0 6mm, «3fc#F5A2 
4a~2 4d±©V— tft-AS(±5 0/imT-a!>S„ * 
fc, H 7 A 2 4 a ~ 2 4 d ©#f)3iC>K©SgaE(± 5 

0mm, ^Sti{±2 9 7 mmT-$>S. 

[0 0 3 8] g|8J±, *»B3CD±E&gaBI5*t*t)-5 

(a) tt«-«*iS*S3 2S»ffli$*a:v^^ E8 

(b) &&m&nm 2m&$ittz&&**ti*ti7ji 
to ms (a) c^i-±?{c, ftm^mm 2&mmz 

HtZ^b&Itt, #fiOjfeS5-f >2 la~2 ldttjfctt 

©ftfflKa©*H7£;£i,T^s#, ^m^mm3 2t:m 
m-etzt§&, ms (b) t^i-±5K, y, m, 

C, BK©4fe^©lB<feSfiiafc«^CDfiriltts #tt 
#fflf.3 2S»fflar*3fcV^i:§<02 1 OjttmCJt^Tft 

5^-©i tM^bT*?), ai*iaff©iaHA s ^fcis]± 

®^3 2t e tS^@rift©aS* s , ^tt©^ffl!lta©^ 



( 7 ) 
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2*m&$#Zt, *MW0£lfffl3 2a, 32d 
©, *¥Hfc#t4«S# rtfll©£ttffi3 2 b, 3 2c 
©*ftCtt*T**<*Sfc»x MM©£Wffl3 2a, 
3 2 d£;m* S«B*ffi©%£l*Affl©£ltIi3 2 b, 

3 2 c* u*»u 6**1 
5fiif*g<£b*fc«\ *fli-eBiiSffl©»*a**s 
<fc*©tt#$1ilIEfcttS-&2& s J:<N ftfio^fi^-fv 

2 2a~2 2dtf-«fcfi»t:iE<fcSi:^3«J*S* 

10 

[0 0 3 9] &fc x ##gBJ|©g 2 ®3fc£££EB0£SB£ 
■P^TiWil-*. #»«©aS2©#j6fi§H*0£ft 
©«$f±0 1 bfc#£gBJ§©Sg 1 ©^^S«g©*S£ 

j&s t H-&©T£f*©*j*co^-t ommitm^t 
a. n2Qftji&mmo> ^i©*^*^si:©ffia^ 

HU % 2 ffl#j£SBKBfc *S^T \ZftW£fflk 3 2 t «k 5 
^>>ffliEttfft»Tt:> iH?7-33a~33d4fifl 

[0 0 4 0] ^if, *S0B&»C*'tt-*«»$5-3 

3 a~3 3 dtt % ;WM!fcV^fflBy#*»?fc«i!i U 20 
»»5 5-3e«Kt4 2a~4'2dtt, *»BfcV^ffl»J 

*3a#-j-as3wc«a-j-*. wis 5-3 3 

a~3 3d*»ift***ttt, #SBBJ3©3il©ftsfc*gl 

B©8i*sv^tB2©£iBBffi (03 s 04#jio c 

3 3a~33d (Hl#«) *J:V<fife*3a*r*» 
»5 5-$#M*:4 2 a~4 2 dCSffif nttiV^ ftSS 
55-33 a~3 3dgli#t5^i:i:it>i:^8 
^®M3 2%?«ffl$-B-S©i:ra«s ffeiS?£l8i ©&«#*§ 
£*l?>©T?s 3 a~3 3 d O^jveft©}? 30 

ttfl^ tBSUfcRB-*- 5 C fcfc «k 5 #^45 -f >©# 
^5fi»t5^i:^T-g5o ^fcs #|gBJ3©^lfflft;t 
j^B©»5a*^tt»6©£fl0B!B (@6#I) fcp] 
*, i»57-3 3a~3 3d ^^toWggHt? CWfc 
S^ttB#fc»ffibfefcHfcfflBSftfcJBtti:bfct>© 
S*©$*#*3^Bfc8i&ttf*SJ:5fcbT4>.fctr\, 
*©»#ttx B»$7-3 3a~3 3dfcliiBas©»T? 
3d#+* C fcfc «t t) 5 5-iS»ai©»*ft»*i 

*s. *ISSfi»asfc*uT*, #H#a8&»ffi©i»S-2: 

PMfc 2 1 0 /tmCfefflS 3 5 jumgBS-C/JxS < 1" 40 
3.ri:#-t:-§s *7-m^»*©5SK&lRl±^-e-S^i: 

[0 0 4 1] ±IB©#IQeBJBTftt, 4*©U- 
1fe-A4J(BtettK5A2 4a~2 4d (BH#flR) © 
K?!ll4fiK*tJfo b££|qJC#f&1-i>3M&i: bTtfgtf-® 
**«v^T^*^ ±IB*«tt£K^!ii*©#CI8«3 
ft3£>©T-(i&<v ISTft^TUYs b>XrWx & 

foYvhl 4a~2 4d£. S^CiE«-1-*Bft©l/- 
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iS8?&K{b£Eia i a t bT 4» «t^ 0 
[0 0 4 2] 

W±KWUfcJ:^tx #8BJ3©gll©7fe 

^*set«tnK> ^*©^tf-A^^5CM^s^ 

©^45^>©#£©ffiw§«£*i3. ft^-crc^ 
MffijRMta^ < #efia©fe-rtL*JwiTtti**7-ii 

^©HH$:(pI±$^S- i:#T- »*. 
[0 0 43]*fe, *»W©*2©^MB8«CJ:n 

fta^«©|gffljR||S»iE-j-**IqIfc«ffllbT 
*Sf*©jfeS7i' >©*£©ffl*£igM£-y-5 
[0®©1S#&1$£BJ] 

[HI] *ftffi©«£M^BC ABfejfc&lEgB©*l5 
0T-2d£>. 

[EI 2] *«i!Ba#ldreSC4«K:JS^&*iS£** 
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